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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

In several international, regional and national laws, regulatory limits are set to ensure the so-called
“absence” of Salmonella spp. in samples of the food chain. Moreover, several European Commission (EC)
regulations also demand the absence of particular Salmonella serovars which have shown to cause a
relatively high percentage of human salmonellosis. One of these Salmonella serovars for which legal criteria
are set is Salmonella Typhimurium, including its monophasic variant 1,4,[5],12:i:- (e.g. Regulation (EC)
No. 1086/2011[101). Hence, it is important to know that a serovar found with antigenic formula 1,4,[5],12:i:-
is indeed the monophasic variant of Salmonella Typhimurium (1,4,[5],12:i:1,2) and not the monophasic
variant of another Salmonella (S.) serovar for which no criteria are set, such as S. Lagos (1,4,[5],12:i:1,5),
S. Agama (4,12:i:1,6), S. Farsta (4,[5],12:i:e,n,x), S. Tsevie (1,4,12:i:e,n,2;5), S. Gloucester (1,4,12,27:i:L,w) or
S. Tumodi i: ' ' istincti ' i nella non-
Typhimurjum serovars can be determined using molecular analysis, such as the PCR technique(s)| described
in this doqument.

© IS0 2025 - All rights reserved
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Microbiology of the food chain — Horizontal method for the
detection, enumeration and serotyping of Salmonella —

Part 4:

Identification of monophasic Salmonella Typhimurium

(1,4,[ 51 12:i-) by polymerasechainreaction {PER)}—
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This document can also be applied in other domains for identification of monophasic Salmonella Typhimurium
(e.g. environmental, human health, animal health).

NOTE

This method has been validated in a method evaluation study and in an interlaboratory study with a large

set of different strains (target and non-target strains), isolated from different sources (food products, animals, animal

feed, prima

ry production samples and humans). For detailed information on the validation, see Annex E.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 7218, Microbiology of the food chain — General requirements and guidance for microbiological examinations

[SO 11133, Microbiology of food, animal feed and water — Preparation, production, storage and performance
testing of culture media

[SO 20836, Microbiology of the food chain — Polymerase chain reaction (PCR) for the detection of microorganisms
— Thermal performance testing of thermal cyclers

ISO 22174 |Microbiology of the food chain — Polymerase chain reaction (PCR) for the detection and-gugntification
of microorganisms — General requirements and definitions

3 Terms and definitions
For the pufposes of this document, the terms and definitions given in [SO 22174.and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the-following addresses:

— SO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

31
monophasic Salmonella Typhimurium
variant of falmonella enterica subsp. enterica serovar Typhimurium lacking the second H phase H:[,2, having
the antigenic formula 1,4,[5],12:i:-

3.2
presumptfive monophasic Salmonella Typhimurium
pure cultulre characterized as belonging to thé.genus Salmonella, giving a positive reaction for O-gntigen 0:4
and H-antigen H:i and with a negative reaction for the second H phase H:1,2

3.3
threshold| cycle crossing point
point of the amplification curye at which the fluorescence signal rises above the baseline or] crosses a
predefined threshold setting

4 Pringiple

4.1 Genleral

The identification of the monophasic variant of Salmonella Typhimurium comprises the three fsuccessive
steps descri i i i i i Salmonella.

4.2 Preparation of well-isolated colonies

The culture is streaked onto the surface of a (pre-dried) non-selective agar medium and incubated between
34 °C and 38 °C for 24 h, to obtain well-isolated colonies.

4.3 Suspension of a colony

A well-isolated colony is selected and suspended in 100 pl saline solution (0,85 % m/v) or in 100 pl PCR
grade water.

© IS0 2025 - All rights reserved
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4.4 Amplification and detection

The suspended bacterial cells are analysed by PCR for detection of the genetic sequences unique to Salmonella
Typhimurium (1,4,[5],12:i:1,2) and its monophasic variant lacking the second H phase (1,4,[5],12:i:-), as well
as for detection of specific genetic sequences of genes associated with the second H phase flagellar antigen
expression. Specific PCR assays including primers and probes are described in Annexes B to D.

5 Culture media and reagents

Follow current laboratory practices in accordance with ISO 7218. For the steps in 4.3 and 4.4, use reagents
and consumables of quality suitable for molecular biological applications (see ISO 22174). The composition
of culture media and reagents and their preparation are specified in Annex A. For performance testing of

culture mqdia, follow the procedures in accordance with ISO 11133 and Clause A.4. The primers and|probes for
identificat]on of the monophasic variant of Salmonella Typhimurium (1,4,[5],12:i:-) are listed in-Ahti¢xes B to D.
6 Equipment and consumables

Disposablé¢ equipment is an acceptable alternative to reusable glassware if it has smitable specificgtions. The
usual micrjobiological laboratory equipment (see ISO 7218) and molecular biology equipment (see [SO 22174)
and, in patticular, the following shall be used.

6.1 Incybator, capable of operating in the range of 34 °C to 38 °C.

NOTE [he range 34 °C to 38 °C for incubation of culture media includes the use of incubators set at 35 °C + 1 °C,
36°C+2°Jor37°C+1°C.

6.2 Sterijile loops, of approximate diameter 3 mm (10 ul}'er 0,3 mm (1 ul), or an inoculation negdle/wire.
6.3 Watpr bath, capable of operating at 47 °C to 50.%C.

6.4 Refijigerator, capable of operating at 5 €% 3 °C.

6.5 Drying cabinet or oven, capable of operating between 25 °C and 50 °C.

6.6 pH-meter, having an accuracyof calibration of + 0,1 pH unit at 20 °C to 25 °C.

6.7 Equjpment for suspension of a colony, e.g. (micro)centrifuge tubes.

6.8 Graduated pipettes and pipette filter tips, for handling volumes between 0,2 ul and 13,55 pl,
dependingon the PGR\assay used (see Annex B, C or D). For more reactions per mix, larger volumes dre needed.
6.9 Vortexmixer or equivalent.

6.10 Ster

ile Petri dishes, with a diameter of approximately 90 mm.

6.11 Equipment for PCR and real-time PCR, e.g. microcentrifuge or plate spinner.

6.12 Thermal cycler or real-time PCR thermal cycler, calibrated in accordance with ISO 20836.

6.13 Associated consumables for conventional or real-time PCR, e.g. PCR tubes, optical plates and seals,

optical pla

te holder, suitable for use with the selected PCR machine (see Annex B, C or D).

6.14 Apparatus for dry sterilization (oven) or wet sterilization (autoclave), as specified in [SO 7218.

© IS0 2025 - All rights reserved
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7 Presumptive monophasic Salmonella Typhimurium

The isolate to be used for further identification shall be a pure culture characterized as belonging to the
genus Salmonella (see 1SO 6579-1). A presumptive monophasic Salmonella Typhimurium will show a
positive reaction for O-antigen 0:4 and H-antigen H:i and a negative reaction for the second H phase (see
ISO/TR 6579-3).

8 Culturing the isolate

Streak the culture of Clause 7 (e.g. with a 10 pl loop; 6.2) on the surface of a non-selective agar medium (e.g.
nutrient agar; Clause A.2) to obtain well-isolated colonies. Incubate the plates, inverted, between 34 °C and
38°C(6.1) for24h+3h.

9 Procedure

9.1 Preparation of cell suspension or DNA

By means pf an inoculating wire or a sterile loop (6.2), pick and suspend (a portion of) one colony in 100 pl
saline solution (0,85 % m/v; Clause A.3) or in 100 ul PCR grade water in an apprepriate tube (6.7)

Mix (6.9) fpr homogenization of the suspension.

An aliquot{of 2 ul or 2,5 pl, depending on the specific PCR assay, of this)bacterial cell suspension i$ used (see
Table B.2, .2, D.2, D.3 or D.4).

It is also ppssible to use a DNA extract for the PCR assay. For DNA extraction, for example, thermal cell lysis
can be usdd, or another appropriate extraction method. If shéivn to be reliable, commercial kits ¢an also be
used for DNA extraction, following the manufacturer’s instructions.

9.2 PCR amplification and detection

9.2.1 General

Different protocols for multiplex probe:-based real-time PCR, multiplex PCR followed by agarose gel
electrophqresis detection of the aniplification products or single target PCR followed by agarose gel
electrophqresis detection can be used.

A probe-bgsed multiplex real-time PCR assay is given in Annex B.
An agarosg gel-based multiplex PCR assay is given in Annex C.
An agaros¢ gel-basedisingle target PCR assay is given in Annex D.

Follow all requirements, including the use of suitable equipment (6.11), for the (real-time) PCR aniplification
as specifigd inISO 22174.

9.2.2 PCR controls
Use (process) controls for the PCR assays in accordance with ISO 22174.

For the real-time PCR (see Annex B) and the single target PCR (see Annex D), an internal amplification
control (IAC) shall also be used as the targets could all be negative. Since the multiplex PCR (see Annex C)
will always result in a PCR fragment (1 000 bp or 250 bp), this procedure does not require an I1AC.

10 Expression of results

The results obtained, including controls specified in ISO 22174, shall be unambiguous otherwise the PCR
shall be repeated.

© IS0 2025 - All rights reserved
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The PCR result will be either:
a) positive, if a specific PCR product has been detected and all the controls give expected results, or

b) negative within the limits of detection, if a specific PCR product has not been detected, and controls give
expected results.

If the PCR assay identifies the isolate as monophasic Salmonella Typhimurium, report the result preferably
by giving the antigenic formula as determined.

It is possible that an isolate is phenotypically identified as monophasic Salmonella Typhimurium, but
genotypically (with PCR) as biphasic Salmonella Typhimurium. This can be caused by the fact that the genes
are present, but phenotypically not expressed. For identification of these isolates, the PCR results take
precedenc

T s 4o 4 4 AN
OVCEL STI Ul dg gIULITTAUIUIT LES T TTSUILS.

11 Perfgrmance characteristics of the method

11.1 Validation in accordance with ISO 17468

Il relevant
(step 6 in

The PCR njethods described in Annexes B, C and D were validated in accordancé with ISO 17468. A
data as obtained in steps 1 to 5 of ISO 17468, as well as the results of the ifhterlaboratory study
ISO 17468) were reported in Reference [8].

brmined in
1.2.2).

The perfof
a method(

mance characteristics of the three PCR methods (inclusivity‘and exclusivity) were det¢
5) evaluation study (described in 11.2.1) and in an interlaboratory study (described in 1

11.2 Performance characteristics

11.2.1 Method(s) evaluation study

The three

172 differg
animal fee
the exclus
typing res

All data an

It depend{
evaluated,
part of the

PCR assays described in Annexes B, C and.D'were tested in a method evaluation study, by
nt strains (target and non-target strains), isolated from different sources (food product]
d, primary production samples andthumans), in two different laboratories. For the incly
vity testing, the typing results ©f;Salmonella found by slide agglutination were comp4
llts found by each PCR method.

e given in Annex E and maore details can be found in Reference [8].

on the intended spécific purpose for which the PCR assay is being applied and its pe
as to whether onlymonophasic Salmonella Typhimurium is considered as target straif
inclusivity study)or if (biphasic) Salmonella Typhimurium is also considered as target

If the inte

ded purpaose:is to determine if the strain under analysis is the monophasic variant of

Typhimurjum and{not the monophasic variant of another Salmonella non-Typhimurium ser
monophasjic Salmonella Typhimurium as well as (biphasic) Salmonella Typhimurium can be ¢
as target ptrdins and the three PCR assays described in Annexes B, C and D perform equal
identificatjonof monophasic Salmonella Typhimurium strains (see Table E.1).

analysing
s, animals,
Isivity and
red to the

rformance
(and thus
strain.

Salmonella
pvar, then
onsidered
y well for

If the aim is to identify whether the strain under analysis is either monophasic Salmonella Typhimurium
or (biphasic) Salmonella Typhimurium, then Salmonella Typhimurium should be considered as non-target
strain. For this purpose, the gel-based multiplex PCR (see Annex C) can be less specific for some strains
than the other two PCR assays (see Table E.2), as this assay is less suitable to distinguish biphasic from
monophasic Salmonella Typhimurium.

11.2.2 Interlaboratory study

The performance characteristics of each PCR method (see Annexes B, C and D) were determined in an
interlaboratory study (step 6 in ISO 17468) to determine the inclusivity and exclusivity of the three methods,

© IS0 2025 - All rights reserved
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following the procedures described in ISO 16140-6. Details about the interlaboratory study and a summary
of the data are given in Clause E.2 for each PCR assay.

A summary of the inclusivity and exclusivity data is given in Table E.4.

In the inclusivity study, pure target strains to be detected by the method were tested. For this interlaboratory
study, monophasic Salmonella Typhimurium was considered as the only target strain.

In the exclusivity study, pure non-target strains that are not expected to be detected by the method but
can potentially be cross-reactive were tested. For this interlaboratory study, Salmonella serovars other
than monophasic Salmonella Typhimurium, including (biphasic) Salmonella Typhimurium and other
Enterobacteriaceae were considered as non-target strains.

12 Test report
The test rgport shall specify at least the following:
— the tes$t method used, with reference to this document, i.e. ISO 6579-4;

— all opgrating conditions not specified in this document, or regarded as optionalor informative|(including
informative annexes), together with details of any incidents which can have.influenced the tedt result(s);

— any dgviations from this document;
— all infprmation necessary for the complete identification of the sample;
— the tes$t result(s) obtained;

— the date of the test.

13 Qualjty assurance

The laborgtory should have a quality control system to ensure that the equipment, reagents and techniques
are suitable for the method. The use of positive-controls, negative controls and blanks are part of the method.
Performarice testing of culture media is specified in Clause A.4 and described in ISO 11133.

© IS0 2025 - All rights reserved
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Annex A
(normative)

Culture media and reagents

A.1 General

The generglspe ations of 1SQ 33 are applicable to the preparation and performance testing of the
culture media described in this annex. If culture media or reagents are prepared from dehydrategl complete
media/redgents, or if ready-to-use media/reagents are used, follow the manufacturer'sVinstructions
regarding [preparation, storage conditions, expiry date and use.

The shelf ljfe of the media indicated in this annex has been shown in some studies. The/user shallverify this
under their own storage conditions (as specified in ISO 11133).

Performarce testing of culture media is described in Clause A.4.

A.2 Nutrient agar (example of non-selective agar medium)

A.2.1 Cgmposition

Meat extrct 30g
Peptone? 50g
Sodium cljloride (NaCl) (optional) (CAS Registry Number®¢ 7647-14-5) 50g
Agar 9,0 glto 18,0 gb
Water 1000 ml
2 For example, enzymatic digest of casein.

b Depending on the gel strength of the agar!

¢ Chemidal Abstracts Service (CAS) Registry Number® is a trademark of the American Chemidal Society
(ACS). This information is given forthe convenience of users of this document and does not constitute an
endorsemient by ISO of the produét named. Equivalent products may be used if they can be shown to lead to
the same results.
A.2.2 Prjeparation

Dissolve the comporients or the dehydrated complete medium in the water by heating, with frequent
agitation.
Adjust the[pHA6£6), if necessary, so that after sterilization, it is 7,0 £ 0,2 at 20 °C to 25 °C.

Transfer theTutture TediumT ito tubes or fiasks of appropriate capacity.

Sterilize for 15 min in the autoclave (6.14) set at 121 °C.

A.2.3 Preparation of nutrient agar plates

Cool the medium to 47 °C to 50 °C in a water bath (6.3), mix, and pour into sterile Petri dishes up to a volume
of approximately 15 ml to 20 ml in dishes with a diameter of approximately 90 mm (6.10). Allow to solidify.

Immediately before use, dry the agar plates carefully (preferably with the lids off and the agar surface
downwards) in a drying cabinet or oven set between 25 °C and 50 °C (6.5) until the surface of the agar is dry.

Store the p

oured plates protected from drying, at 5 °C (6.4) for up to four weeks.

© IS0 2025 - All rights reserved
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A.3 Saline solution (0,85 % m/v)

A.3.1 Composition

Sodium chloride (NaCl) (CAS RN® 7647-14-5) 85¢g
Water 1000 ml
A.3.2 Preparation
Dissolve the sodium chloride in the water.
Adjust the pH (6.6), if necessary, so that after sterilization, it is 7,0 £ 0,2 at 20 °C to 25 °C.
Dispense the solution into flasks or tubes of suitable capacity to obtain the portions necessary,for the test.
Sterilize fqr 15 min in the autoclave (6.14) set at 121 °C.
Store the Jolution in closed flasks or tubes at 5 °C (6.4) for up to six months.
A.4 Performance testing for the quality assurance of the culture media
The definifion of selectivity and productivity is specified in ISO 11133. In-general, follow the prodedures for
performarjce testing described in ISO 11133, including the inoculum levels for the target and the hon-target
organismg. Table A.1 gives details of control strains to be used for\performance testing of culfure media
specified ip this document.
Table A.1 — Performance testing for the quality assurance of the culture media

Medium Function Incubation Controkstrains WDCM numbers? Criteriab
Nutrient Productivity |24 h+ 3 h/ SalmonellaTyphimurium®d 00031 Good growth
agar 34°Cto38°C Salmonela Enteritidiscd 00030
a  Refer tq the reference strain catalogue at www.wfccinfo for information on culture collection strain numbersjand contact

details; WD

b Growth

¢  Somen
relating to t|

d

Strain f]

CM: World Data Centre for Microorganisiis,

is categorized as 0: no growth, 1: weak growth (partial inhibition), and 2: good growth (see ISO 11133).

he choice of Salmonella serovars.

Iee of choice; one of the strains shall be used as a minimum.

htional restrictions and directionsiean require the use of a different serovar. Make reference to national r¢

quirements

© IS0 2025 - All rights reserved
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Annex B
(informative)

Probe-based multiplex real-time PCR assay for the identification of

monophasic Salmonella Typhimurium (1,4,[5],12:i:-)

B.1 General

This annex describes a probe-based multiplex real-time PCR method based on 5"- nuclease teclmel
identificatjon of the monophasic variant of Salmonella Typhimurium (1,4,[5],12:i:-) and the.diffe
from other Salmonella non-Typhimurium monophasic serovars, by targeting the following.genetic

— linkage between fliA and insertion sequence IS200 (present in Salmonella Typhimurium (1,4,
and in monophasic Salmonella Typhimurium (1,4,[5],12:i:-));

— linkage between fIjB and hin (present in isolates expressing the second Hphase antigen);

— linkage between hin and iroB (present in isolates expressing the secofid H phase antigen).

For the e
shall be d
interrupte

The probe]
based on
pBR322 is

NOTE

pression of the second H phase antigen, both amplification products, fljB - hin and
ptected. If one of the two products is not detected, expression of the second H phase
d.

he plasmid pUC18/19. By real-time PCR, a fragment spanning from M13pm18 to se
amplified. This sequence does not occur naturally.

Another IAC, with its specific primers andsprobe, can be used if it produces equivalent results.

B.2 Procedure

B.2.1 Prjinciple

Three spe
multiplex

B.2.2 Re

B.2.2.1 (

See ISO 22

cific genetic sequences and a sequence of the [AC are amplified and detected by a py
real-time PCR method based on 5'- nuclease technology.

agents for PCR

feneral

174.

bgy for the
rentiation
bequences:

b],12:1:1,2)

hin — iroB,
antigen is

-based multiplex real-time PCR also contains aheterologous internal amplification control (IAC)

Juences of

obe-based

B.2.2.2 Primers and probes

Primers and probes are published in Reference [7]. The sequences are listed in Table B.1.

© IS0 2025 - All rights reserved
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Table B.1 — Sequences of the primers and probes

a

FAM: 6
YY: Yak
ROX: C4
IAC: Inf
Cy5: Cy

Produc

b

C

d

e

f

Target Primer/probe Primer/probe sequence (5-3") Amplicon
sequence name size (bp)

fliA-IS200F CAT TACACCTTC AGC GGT AT

fliA-1S200 fliA-IS200R CTG GTA AGA GAG CCT TAT AGG 254
fliA-1S200-probe2 FAM - CGG CAT GAT TAT CCG TTT CTA CAG AGG - BHQ12
fljB-hinF TGG TGC TGT TAG CAG AC

fIjB-hin fljB-hinR TCA ACA CTA ACA GTCTGT CG 297
fljB-hin-probe YY - AAC CGC CAG TTC ACG CAC - BHQ2P
hin-iroBF GTG TGG CAT AAATAA ACC GA

hin-iroB hin-iroBR AGG CTT ACC TGT GTC ATC CA 274
hin-iroB-probe ROX - TAA CGC GCT CAC GAT AAG GC - BHQ2¢
IAC-FW GTC GGG AAACCTGTCG

IACd [AC-RV GCT CACATGTTCTTT CCT GC 207
[AC-probe Cy5 - CGG GGA GAG GCG GTT- BHQ3¢

NOTE Othdr appropriate fluorophores and quenchers can be used.

Carboxyfluorescein, BHQ1: Black Hole Quencher 1™.f
ma Yellow™, BHQ2: Black Hole Quencher 2™.f
rboxy-X-rhodamine™, BHQ2: Black Hole Quencher 2™.f
ernal amplification control.

hnine 5®, BHQ3: Black Hole Quencher 3™.f

s with trade names or trademarks are given for the convenienc¢e of users of this document and does not c

bnstitute an

endorsemerjt by ISO of the product named. Equivalent products may be'used if they can be shown to lead to the same|results.
B.2.3 Regal-time PCR setup
B.2.3.1 Ieaction setup
The total PCR volume is 25 pl per PCR reaction. The reagents for preparation of the reaction miy are listed
in Table B.R.
Table B.2 — Preparation of the reaction mix
Reagent Final concentration Volume per redction

(stock concentration) (uha
10x PCR byffer containing1no magnesium chloride 1x 2,5
dNTP-mix [each 2 mmol/1) Each 200 pmol/1 2,5
Magnesiunp chloride*(50 mmol/1) 2,5 mmol/] 1,25
(CASRN® 7786-30-3)
fliA-1S200F (20 pmol/ul) 0,4 pmol/ul 0,5
fliA-IS200R (20 pmol/ul) 0,4 pmol/ul 0,5
fljB-hinF (20 pmol/ul) 0,4 pmol/ul 0,5
fljB-hinR (20 pmol/pl) 0,4 pmol/ul 0,5
hin-iroBF (20 pmol/ul) 0,4 pmol/ul 0,5

NOTE Forl

a

b

AC, pUC 18 can also be used. 1 fg pUC 18/19 corresponds to approximately 3,4 x 102 copies.

Volume per reaction depends on the concentration of the reagent in the stock solution and is determined by the final
concentration.

Performance characteristics of this assay were tested with the commercially available Platinum™ Taq Polymerase and
10x PCR buffer (Invitrogen). This information is given for the convenience of the user of this document and does not constitute an
endorsement by ISO of this product. Equivalent products may be used if they can be shown to produce equivalent results.

© IS0 2025 - All rights reserved
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Table B.2 (continued)

Reagent Final concentration Volume per reaction

(stock concentration) (uha
hin-iroBR (20 pmol/ul) 0,4 pmol/ul 0,5
IAC-FW (20 pmol/ul) 0,4 pmol/ul 0,5
IAC-RV (20 pmol/ul) 0,4 pmol/ul 0,5
fliA-IS200-probe2 (5'FAM-3'BHQ1) (5 pmol/ul) 0,125 pmol/ul 0,625
fljB-hin-probe (5'YY-3'BHQ2) (10 pmol/ul) 0,25 pmol/ul 0,625
hin-iroB-probe (5'ROX-3'BHQ2) (10 pmol/ul) 0,25 pmol/ul 0,625
[AC-probe (5'Cy5-3'BHQ3) (10 pmol/ul) 0,25 pmol/ul 0,625
Taq PolymgraseP 2U 0,2
IAC-pUC19DNA Approximately 105 copies 10
Cell suspellsion or DNA extract (9.1) 2,5
PCR grade [water Adjustto 25 ul 8,55

NOTE For]

a  Volume
concentrati

b Perforn|

endorsemer

10x PCR buffer (Invitrogen). This information is given for the convenience of the userof this document and does not c

AC, pUC 18 can also be used. 1 fg pUC 18/19 corresponds to approximately 3,4 x 102 copies.

per reaction depends on the concentration of the reagent in the stock solutigmand is determined
n.

hance characteristics of this assay were tested with the commercially available Platinum™ Taq Poly

t by ISO of this product. Equivalent products may be used if they can besshown to produce equivalent res

by the final

merase and
pnstitute an
ults.

B.2.3.2 PCR controls

B.2.3.2.1
See ISO 22

B.2.3.2.2

Ultrapure

B.2.3.2.3

A cell sus
amount an
control (p

B.2.33 1

Apply the
mix, and tl

General

174.

Negative PCR control

water is used as negative contraol; see ISO 22174.

Positive PCR control

ension of Salmonellg-Typhimurium (1,4,[5],12:i:1,2) or a solution containing a defined
d/or copy number of\target DNA of Salmonella Typhimurium (1,4,[5],12:i:1,2) is used af
‘eparation see 94);

'emperature-time programme

femperature-time programme and number of cycles indicated in Table B.3 to 25 pl of th
ie PCRcontrols.

sufficient
a positive

e reaction

Table B.3 — Temperature-time programme

Cycle step

Temperature? and time

No. of cycles

Activation/initial denaturation

95 °C for 2 minP

Denaturation

Amplification

95°Cfor15s
61 °C for 1 min

40 cycles

for this deviation.

b The activation time depends on the Taq Polymerase used.

a2 The mentioned temperatures are the temperatures that should be effectively reached by the thermal cycler (6.12). These do
not necessarily correspond with the programmed temperatures. If the thermal cycler shows a deviation after calibration, correct

© IS0 2025 - All rights reserved
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B.3 Interpretation of PCR results
The PCR results shall be interpreted as follows:

a) positive reaction: fluorescence signal inclines exponentially during amplification and exceeds the
threshold cycle crossing point.

b) negative reaction: the fluorescence signal does not exceed the threshold cycle crossing point.

The quantification cycle (Cy) value, or cycle threshold (C,) value, is dependent on the thermal cycler model
(6.12) and analysis software used for the assay and shall be determined for the users’ own thermal cycler. A
positive sample generates a typical amplification curve, with at least the exponential phase (see ISO 22174).

with the ihterpretation of the amplification curve and for setting the threshold to determine/t
et sequence of the isolate under analysis. Additionally, if an isolate is positive for(diffe

A sample if evaluated to be monophasic Salmonella Typhimurium (1,4,[5],12:i:-)positive if the corr
reaction fIfA-1S200 is positive and only one or none of the other two targets fljB:#in and hin-iroB at
The IAC cgn be positive or negative (see Table B.4).

A sample ip evaluated to be Salmonella Typhimurium (1,4,[5],12:i:1,2), p@sitive if the corresponding
fliA-1S200 jand additionally fIjB-hin as well as hin-iroB are positive/The IAC can be positive or ne
Table B.4),

A sample is evaluated to be Salmonella Typhimurium (1,4,[5§;12:i:1,2) negative and monophasic
Typhimurjum (1,4,[5],12:i:-) negative if the corresponding reaction fliA-IS200 is negative, irresp
the reactign results of fIjB-hin and hin-iroB. The 1AC shall‘be positive in cases where all targets af
(see Table

should be repeated for this sample.

Table B.4 —Interpretation of PCR results

"ent target
[, is in the
esults can

esponding
e positive.

r reactions
bative (see

Salmonella
ectively of
e negative

B.4). In cases where all targets, including the1AC, are negative, the reaction has failed ajnd the run

Target sequence 1,4,[5],12:4:- | 1,4,[5],12::- | 1,4,[5],12::- | 1,4,[5],12:i:1,2 | Other serovars
fliA-1S200 + + + +
fliB-hin - + + Tor-
hin-iroB - + + tor-
[AC +or- +0r- +o0r- +0r- 4 or -2
a2  In case§ where all target$ate negative, the IAC shall be positive.

© IS0 2025 - All rights reserved
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Annex C
(informative)

Agarose gel-based multiplex target PCR assay for the identification of

monophasic Salmonella Typhimurium (1,4,[5],12:i:-)

C.1 General

This anne

variant of
Typhimurjum monophasic serovars, by targeting the following genetic sequences:

— Thefl
of10
Typhi

250 bp PCR product is amplified. The fliB-fliA intergenic region of these serovars does not hav

eleme
— The f]f

In cases of]
are amplif
1 000 bp i
amplicon ¢

NOTE
products if

C.2 Procedure

C.2.1 Prjinciple

Specific gd
electrophd

C.2.2 R

C.2.21 (

See ISO 22

k describes an agarose gel-based multiplex PCR method for the identification of the nj
Salmonella Typhimurium (1,4,[5],12:i:-) and the differentiation from other~Salmo

B-fliA intergenic region of the flagellin gene cluster, which contains the IS200 element.
0 bp is amplified in cases of Salmonella Typhimurium (1,4,[5],12:i:1,2) ahd“'monophasic
murium (1,4,[5],12:i:-). For other Salmonella serovars, regardless of the first phase H

nt.

onophasic
nella non-

A product
Salmonella
antigen, a
e the 1S200

B (present in isolates expressing second H phase antigen)./Thie PCR product has a size

£ 250 bp. An amplicon of 1 389 bp can be generated.

Capillary electrophoresis instead of agarose gelelectrophoresis can also be used to separat|
it can be shown to produce equivalent results.

netic sequences are amplified by multiplex PCR. Amplified products are separated by 3
resis and the size determined.

agents for PCR

feneral

174

f 1389 bp.

Salmonella Typhimurium (1,4,[5],12:i:1,2), two PCR praducts with a size of 1 000 bp and 1 389 bp
ied. For monophasic Salmonella Typhimurium (1,4,[5}12:i:-), only one PCR product with a size of
s generated. For other serovars (including the ones sharing the H:i-antigen), PCR gengrates one

e amplified

garose gel

C.2.2.2

rimers

Primers are published in References [9] and [5]. The sequences are listed in Table C.1.

Table C.1 — Sequences of the primers

Target sequence Primer name Primer sequence (5'-3") Amplicon size (bp)
o FFLIB CTG GCG ACGATCTGT CGA TG 1000 or
fliA-fliB
RFLIA GCG GTATAC AGT GAATTCAC 250
fiiB Primer Sense-59 CAA CAA CAACCT GCA GCG TGT GCG 1389
/ Primer Antisense-83 GCCATATTT CAG CCT CTC GCC CG

© IS0 2025 - All rights reserved
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C.2.3 Multiplex PCR setup

C.2.3.1 Reaction setup

The total PCR volume is 25 pl per PCR reaction. The reagents for preparation of the reaction mix are listed
in Table C.2.

Table C.2 — Preparation of the reaction mix

concentrati

b Perforn
(Qiagen Hil
and does noj
equivalent g

Reagent Final concentration Volume per reaction
(stock concentration) (uha
2x Multiplex PCR Master KitP 1x 12,5
FFLIB (10 pmol/ul) 0,4 pmol/ul 1
RFLIA (10 pmol/ul) 0,4 pmol/ul 1
Primer Serfse-59 (10 pmol/ul) 0,2 pmol/ul 075
Primer Antisense-83 (10 pmol/ul) 0,2 pmol/pl 0,5
Cell suspenpsion or DNA extract (see 9.1) 2
PCR grade water Adjust to 25 pl 7,5
a2  Volume| per reaction depends on the concentration of the reagent in the stock solution and is determined py the final

n.

hance characteristics of this assay were tested with the commercially dyailable Qiagen® Multiplex PCH
en GmbH), which contains 6 mM Mg2*. This information is given forthe convenience of the user of th
t constitute an endorsement by ISO of this product. Equivalent products can be used if they can be showy
esults.

Master Kit
s document
) to produce

C.2.3.2 PFCR controls

C.2.3.2.1
See ISO 22

C.2.3.2.2

Ultrapure

C.2.3.2.3

A cell sus
amount ar

General

174.

Negative PCR control

water is used as negative control, see ISO 22174.

Positive PCR control

d/or copy numbger of target DNA of Salmonella Typhimurium (1,4,[5],12:1:1,2) is used fi

control (fi

C.2.3.3

Apply the femperature-time programme and number of cycles indicated in Table C.3 to 25 pl of th

preparation;see 9.1).

emperature-time programme

ension of Salmgnella Typhimurium (1,4,[5],12:i:1,2) or a solution containing a defined

sufficient
br positive

e reaction

mix, and tlie PERTOMrols:

© IS0 2025 - All rights reserved
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Table C.3 — Temperature-time programme

Cycle step Temperature? and time No. of cycles
Activation/initial denaturation 95 °C for 15 minb -
Denaturation 95°Cfor30s
Annealing 64°Cfor30s 30 cycles
Amplification 72 °C for 1,5 min

a

The mentioned temperatures are the temperatures that should be effectively reached by the thermal cycler (6.12). These do
not necessarily correspond with the programmed temperatures. If the thermal cycler shows a deviation after calibration, correct

for this deviation.

b

The activation time depends on the Tag Polymerase used.

C.2.4 Ag

The agaro
(TBE) buff

C.24.1.1
molecules

C.2.4.1.2

C.2.4.1.3
FF (Cy5H,7

C.2.4.1.4
very high 1

C.2.4.1.5

C.2.4.1.6
6381-92-6]

C.2.4.1.7

Take care
can be use

C.2.4.1.8

C.2.4.1.9

arose gel electrophoresis

be gel electrophoresis can be carried out with tris-acetate-EDTA (TAE) buffer or tris-bo|
er. Solutions described in this annex usually do not need to be autoclaved:

).

d, by referring-to the manufacturer’s material safety data sheet.

Agarose, suitable for DNA electrophoresis and for the intended’ size separation o

Boric acid (H;B03; CAS RN® 10043-35-3), for the TBE kuffer system only.

Bromophenol blue sodium salt (C,4HyBr,05SNa; CAS RN® 34725-61-6) and/or xylen
N,04S,Na; CAS RN® 2650-17-1).

rate-EDTA

if the DNA

e cyanole

DNA molecular mass standard, e.g. a comithercial preparation containing DNA fragments from

o very low molecular mass.
Glacial acetic acid (CH;COOH; CASRN® 64-19-7), for the TAE buffer system only.

Ethylenediaminetetraacetic acid disodium salt (Na,-EDTA) (C;,H;4N,0gNa,;

Ethidium bromide\(EtBr) (C,,H,,N;Br; CAS RN® 1239-45-8) or other DNA gel stains,

when using ethidium bromide solution as it is mutagenic/teratogenic. Other intercal

Glycerol(C;HgO5; CAS RN® 56-81-5).

CAS RN®

ating dyes

Sodium acetate (C,H,0,Na; CAS RN® 127-09-3), for the TAE buffer system only.

C.2.4.1.10

C.24.1.11

C.2.4.1.12

Hydrochloric acid, (HCI; CAS RN® 7647-01-0) = 37 % (volume fraction).
Sodium hydroxide (NaOH; CAS RN® 1310-73-2).

Tris(hydroxymethyl)-aminomethane (Tris) (C,H;;NO5; CAS RN® 77-86-1).

© IS0 2025 - All rights reserved
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C.2.4.1.13 TAE buffer solution (1x), ¢(Tris) = 0,050 mol/1 (C.2.4.1.12), c¢(C,H3;0,Na) = 20 mmol/I (C.2.4.1.9),
¢(Na, EDTA) = 0,001 mol/l (C.2.4.1.6). Adjust the pH to 8,0 with glacial acetic acid (C.2.4.1.5) or NaOH
(C.2.4.1.11) at 20 °C to 25 °C. It is recommended to prepare the TAE buffer solution as a concentrated stock
solution (maximum 50-fold concentrated). Discard it if a precipitate is visible. Dilution of the concentrated
electrophoresis buffers can be carried out, immediately before its use, with non-sterile, (mono)-distilled or
deionized water.

C.2.4.1.14 Tris/borate (TBE) buffer solution (0,5%x), ¢(Tris) = 0,055 mol/l (C.2.4.1.12),
c(boric acid) = 0,055 mol/I (C.2.4.1.2), ¢(Na, EDTA) = 0,001 mol/l (C.2.4.1.6). Adjust the pH to 8,0 with HCI
(C.2.4.1.10) or NaOH (C.2.4.1.11) at 20 °C to 25 °C. It is recommended to prepare the TBE buffer solution as
a concentrated stock solution (maximum 10-fold concentrated). Discard it if a precipitate is visible. Dilution
of the concentrated electrophoresis buffers can be carried out, immediately before its use, with non-sterile,
(mono)-di§tilled or deionized water.

C.2.4.1.15| Sample loading buffer solution (5x), ¢ (glycerol) = 50 % (volume fraction;|C.2.4.1.8),
p (bromophenol blue) = 2,5 g/l (C.2.4.1.3) and/or p (xylene cyanol) = 2,5 g/1 (C.2.44.3), dissolved in
electropharesis buffer solution.

NOTE Dther concentrations of loading buffer solution or commercially prepared solutions can also befused. Some
PCR bufferg contain loading dye.

C.2.4.2 Equipment

The usual microbiological laboratory equipment (see ISO 7218) andqin particular, the following sh4ll be used.
C.2.4.2.1 | Microwave oven or boiling water bath, capable ofoperating at 95 °C to 100 °C.
C.2.4.2.2 | Electrophoresis apparatus.

C.2.4.2.3 | Ultraviolet (UV) transilluminator or UV light box.

C.2.4.2.4 | Gel documentation system.

C.2.4.3 Safety and protection devices

WARNINQG — Ethidium bromidé is’a mutagen and toxic agent. Use it in compliance with the safety
sheet proyided and with protéction devices (laboratory coats and gloves). UV light can caugde damage
to eyes. Therefore, use polymethylmethacrylate shields and protective glasses.

C.2.4.4 Agarose gel preparation and staining

The amplified PCR\products should be detected using a 2,0 % (m/v) agarose gel. Weigh an appropriate
amount off agarese (C.2.4.1.1) and add it to the electrophoresis buffer solution (C.2.4.1.13 or {.2.4.1.14).
fompletely
ntil usage.
Prepare a gel support (gel tray) with a suitable sample comb placed in right position. Add ethidium bromide
to a final concentration of 0,5 pg/ml (or equivalent DNA binding dye at the manufacturer’s recommended
concentration) before pouring the agarose solution onto the gel tray and allow the gel to solidify at room
temperature (1 h is usually recommended).

Alternatively, the agarose gel can be stained after electrophoresis in a 0,5 pg/ml ethidium bromide aqueous
solution (or equivalent DNA binding dye at the manufacturer’s recommended concentration). For this, keep
the gel in the dye at room temperature for 15 min to 50 min, preferably in the dark with gentle shaking.

If necessary, reduce the background staining by de-staining the gel in water for 10 min to 30 min.

NOTE To minimize the problems of ethidium bromide movement in the gel, some ethidium bromide can also be
added to the electrophoresis (tank) buffer. After the gel electrophoresis, no de-staining step is usually required.
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C.2.4.5 Agarose gel electrophoresis run

ble C.2) in

Following the amplification step add the loading buffer (C.2.4.1.15) to 10 pl reaction mix (see Ta
the ratio 1:5 (e.g. add 2,5 pl of loading buffer to 10 pul of reaction mix) and mix.

NOTE
the PCR buffer, it does not need to be added separately.

Carefully remove the sample comb from the gel. Transfer the gel (with its gel tray) to the electroph

Other concentrations of loading buffer solution can also be used. When the loading dye is already part of

oresis cell,

so that the wells reside close to the cathode (negative electrode). Fill the cell with the electrophoresis buffer
(C.2.4.1.13 or C.2.4.1.14). Overlay the gel with approximately 2 mm of the same buffer and load the samples

using a micropipette. Apply the mixture to the sample slots (wells) with a micropipette. If the

unknown

samples are suspected to be too concentrated, also provide some dilutions of them to be loaded onto the gel.

To determline the size of the PCR products, add the loading buffer (C.2.4.1.15) and DNA melec
standard (|C.2.4.1.4) in the proportion of 1:5. The DNA molecular mass standard is loaded of‘the
before thelfirst and after the last sample well.

Carry out| the electrophoresis at room temperature at the appropriate voltage "ahd power
(generally|a maximum constant voltage of 5 V/cm, with respect to the distance between the ele
recommer]ded). Under the described conditions, DNA is negatively charged, so/it migrates from tl
to the anodle. The electrophoresis time depends on the migration distance required, on the current]
by the power supply, the buffer used, the electro-endosmosis and the concentration of the agarosg

C.2.4.6 Agarose gel recording

Transfer the gel to the transilluminator surface (C.2.4.2.3), switch on the UV light and recor
fluorescence by photography or video-documentation.
C.3 Interpretation of PCR results

owing amplification fragments of the expected size (see Table C.4) are considered as
get sequences.

Samples s
related tar

5 evaluated to be monophasic Salmonella Typhimurium (1,4,[5],12:i:-) positive if the corn
on product for fliA-fliB is 1 000 bp and for fIjB no product was obtained (see Table C.4).

A sample i
amplificat

is evaluated to be Salmonella Typhimurium (1,4,[5],12:i:1,2) positive if the corr
on product for fliA-fliB is/1 000 bp and additionally for fIjB is 1 389 bp (see Table C.4).

A sample
amplificat

A sample is evaluated to beSaImonella Typhimurium (1,4,[5],12:i:1,2) negative and monophasic
Typhimurfum (1,4,[5],12:i:5negative if the corresponding reaction fliA-fliB results in a 250 b
irrespectiyely of the reaction results of fljB (see Table C.4).

If there is

Table C.4 — Interpretation of PCR results (expected fragment sizes in bp)

iny discrepancy from the result expected in the PCR controls, the run shall be repeated.

ular mass
bel at least

intensity
ctrodes, is
e cathode
generated
in the gel.

1 the DNA

ositive for

esponding

esponding

Salmonella
p product,

Target sequence 1,4,[5],12:i:- 1,4,[5],12:i:1,2 Other serovars
fliA-fliB 1000 1000 250
fljB — 1389 1389 or -

Key

—:no PCR fragment
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Annex D
(informative)

Agarose gel-based single target PCR assay for the identification of

monophasic Salmonella Typhimurium (1,4,[5],12:i:-)

D.1 General

This annex describes an agarose gel-based single target PCR method for the identification of the a1
variant off Salmonella Typhimurium (1,4,[5],12:i:-) and the differentiation from other~Salmo
Typhimurjum monophasic serovars, by targeting the following genetic sequences in threé sepa

reactions:

For the e
shall be d
interrupte

In additiof
plasmid pl
PCR prody

NOTE 1
products if

NOTE 2

D.2 Procedure

D.2.1 Prjinciple

Specific ge

gel electrophoresis and the size determined.

linkage between fliA and insertion sequence IS200 (present in Salmonella Typhimurium (1,4,
and infmonophasic Salmonella Typhimurium (1,4,[5],12:i:-); this will amplify"a PCR product of

linkage between fIjB and hin (presentin isolates expressing the second H phase antigen); this w
a product of 297 bp;

linkage between hin and iroB (present in isolates expressing)the second H phase antigen]
amplify a product of 274 bp.

pression of the second H phase antigen, both amplification products, fljB - hin and
btected. If one of the two products is not detected, expression of the second H phase
d.

1, each PCR reaction contains a heterologous internal amplification control (IAC) ba
JC18/19. By PCR, a fragment spanning‘from M13pm18 to sequences of pBR322 is amp
ct has a size of 429 bp. This sequenee‘does not occur naturally.

Capillary electrophoresis instead of“agarose gel electrophoresis can also be used to separat
it can be shown to produce equivalent results.

Another [AC, with its specificprimers, can be used if it produces equivalent results.

netic sequences are amplified by single target PCR. Amplified products are separated |

onophasic
nella non-
rated PCR

b],12:1:1,2)
254 bp;
ill amplify

; this will

hin - iroB,
antigen is

bed on the
lified. The

e amplified

Dy agarose

D.2.2 Reagentsfor PCR

D.2.2.1 General

See ISO 22

174.

D.2.2.2 Primers

Primers are published in Reference [7]. The primers of the internal control are published in Reference [6].
The sequences are listed in Table D.1.
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Table D.1 — Sequences of the primers

Target sequence Primer name Primer sequence Amplicon size (bp)
fliA-IS200F CAT TAC ACC TTC AGC GGT AT
fliA-1S200 . 254
fliA-IS200R CTG GTA AGA GAG CCT TAT AGG
o fljB-hinF TGG TGC TGT TAG CAG AC
fliB-hin —— 297
fljB-hinR TCA ACA CTA ACA GTC TGT CG
hin-iroBF GTG TGG CAT AAATAA ACCGA
hin-iroB — 274
hin-iroBR AGG CTT ACCTGT GTCATC CA
IAC HB10 ATT CCA CAC AAC ATA CGA GCC G 429
HB11 GTTTCGCCACCTCTGACTTGAG

D.2.3 Single target PCR setup

D.2.3.1 Reaction setup

The total |PCR volume is 25 pl per PCR reaction. The reagents for preparatiohyef the reactign mix for
individual|PCR reactions are listed in Tables D.2 to D.4.

Table D.2 — Preparation of the reaction mix for target sequence fliA-1IS200

Reagent Final concentration Volume per reacfion

[stock concentration) (uha
10x PCR byffer containing no magnesium 1x 2,5
chloride
dNTP-mix [each 2 mmol/1) Each 200 umol/1 2,5
Magnesiunp chloride (50 mmol/1) 2,5 mmol/1 1,25
(CAS RN® ¥786-30-3)
fliA-1S200¥ (20 pmol/pl) 0,4 pmol/ul 0,5
fliA-IS200R (20 pmol/ul) 0,4 pmol/ul 0,5
HB10 (20 gmol/ul) 0,4 pmol/ul 0,5
HB11 (20 gmol/ul) 0,4 pmol/ul 0,5
Taq PolymegraseP 2U 0,2
IAC - pUC1p DNA Approximately 105 copies 1,0
Cell suspenpsion or DNA extract(see 9.1) 2
PCR grade [water Adjust to 25 pl 13,55

concentratipn.

10x PCR bu
endorseme

NOTE For [AC, pUC 18 can‘alse’be used. 1 fg pUC 18/19 corresponds to approximately 3,4 x 102 copies.

a  Volume| per reaction{depends on the concentration of the reagent in the stock solution and is determined py the final

b Performange characteristics of this assay were tested with the commercially available Platinum™ Taq Polymerase and
fer (Invitrogen). This information is given for the convenience of the user of this document and does not cpnstitute an

ts.
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Table D.3 — Preparation of the reaction mix for target sequence fIjB-hin

Reagent Final concentration Volume per reaction

(stock concentration) (uha
10x PCR buffer containing no magnesium 1x 2,5
chloride
dNTP-mix (each 2 mmol/1) Each 200 pmol/I 2,5
Magnesium chloride (50 mmol/I1) 2,5 mmol/I 1,25
(CAS RN® 7786-30-3)
fljB-hinF (20 pmol/ul) 0,4 pmol/ul 0,5
fljB-hinR (20 pmol/pl) 0,4 pmol/ul 0,5
HB10 (20 prrot/h S04 prrot/t 6,5
HB11 (20 gmol/ul) 0,4 pmol/ul 0,5
Taq Polymeraseb 2U 02
[AC - pUC1p DNA Approximately 105 copies 1,0
Cell suspernpsion or DNA extract (see 9.1) 2
PCR grade [water Adjust to 25 pl 13,55

NOTE For IJAC, pUC 18 can also be used. 1 fg pUC 18/19 corresponds to approximately 3,4 x,20Zcopies.

a2 Volume| per reaction depends on the concentration of the reagent in the stock sélution and is determined py the final

concentratipn.

b Perfornpance characteristics of this assay were tested with the commercidlly“available Platinum™ Taq Polyjmerase and
10x PCR buffer (Invitrogen). This information is given for the convenience of the{user of this document and does not cpnstitute an
endorsemerjt by ISO of this product. Equivalent products can be used if they can be shown to produce equivalent resylts.

Table D.4 — Preparation of the reaction mix for target sequence hin-iroB

Reagent Final concentration Volume per reacfion

[stock concentration) (uha
10x PCR byffer containing no magnesium 1x 2,5
chloride
dNTP-mix [each 2 mmol/1) Each 200 pmol/I 2,5
Magnesiunp chloride (50 mmol/1) 2,5 mmol/I 1,25
(CASRN® ¥786-30-3)
hin-iroBF (20 pmol/ul) 0,4 pmol/ul 0,5
hin-iroBR (20 pmol/ul) 0,4 pmol/ul 0,5
HB10 (20 gmol/ul) 0,4 pmol/ul 0,5
HB11 (20 gmol/pl) 0,4 pmol/ul 0,5
Taq PolymgraseP 2U 0,2
[AC - pUC1p DNA Approximately 10° copies 1,0
Cell suspenjsion gr-DNA extract (9.1) 2
PCR grade water Adjust to 25 pl 13,55

concentration.

NOTE ForIAC, pUC 18 can also be used. 1 fg pUC 18/19 corresponds to approximately 3,4 x 104 copies.

a2 Volume per reaction depends on the concentration of the reagent in the stock solution and is determined by the final

b Performance characteristics of this assay were tested with the commercially available Platinum™ Taq Polymerase and
10x PCR buffer (Invitrogen). This information is given for the convenience of the user of this document and does not constitute an
endorsement by ISO of this product. Equivalent products can be used if they can be shown to produce equivalent results.

D.2.3.2 PCR controls

D.2.3.2.1 General
See ISO 22174.
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Negative PCR control

Ultrapure water is used as negative control, see ISO 22174.

D.2.3.2.3

Positive PCR control

A cell suspension of Salmonella Typhimurium (1,4,[5],12:i:1,2) or a solution containing a defined sufficient
amount and/or copy number of target DNA of Salmonella Typhimurium (1,4,[5],12:i:1,2) is used for positive

control (fo

r preparation, see 9.1).

D.2.3.3 Temperature-time programme

Apply the temperature-time-programme-and-number-ofeyelesindicatedinTable B-5-te25ttefthe reaction
mix, and the PCR controls.
Table D.5 — Temperature-time programme

Cycle step Temperature? and time Ne. of cycles
Activation/finitial denaturation 95 °C for 5 minP
Denaturatjon 95°Cfor15s
Annealing 61 °C for 1 min 30 cycles
Amplificatjon 72 °C for 1 min
a  The meptioned temperatures are the temperatures that should be effectively‘reached by the thermal cycler (6.1R). These do
not necessafily correspond with the programmed temperatures. If the thermal cycler shows a deviation after calibrafion, correct
for this deviation.
b The actjvation time depends on the Taq Polymerase used.
D.2.4 Agarose gel electrophoresis
D.2.4.1 Reagents
The agarose gel electrophoresis can be carried out with tris-acetate-EDTA (TAE) buffer or tris-bojrate-EDTA
(TBE) buffer. Solutions described in this annex usually do not need to be autoclaved.
D.2.4.1.1 | Agarose, suitable for DNA electrophoresis and for the intended size separation of the DNA
molecules
D.2.4.1.2 | Boric acid (H;BOg;CAS RN® 10043-35-3), for the TBE buffer system only.
D.2.4.1.3 | Bromophenol blue sodium salt (C,oH,Br,0sSNa; CAS RN® 34725-61-6) and/or xylene cyanole
FF (C,sH,4N,0,S,Na; CAS RN® 2650-17-1).
D.2.4.1.4 | DNA‘molecular mass standard, e.g. a commercial preparation containing DNA fragnpents from
very high {o-very low molecular mass.
D.2.4.1.5 Glacial acetic acid (CH;COOH; CAS RN® 64-19-7), for the TAE buffer system only.

D.2.4.1.6 Ethylenediaminetetraacetic acid disodium salt (Na,-EDTA) (C;,H;4N,0gNa,; CAS RN®

6381-92-6

D.2.4.1.7

).

Ethidium bromide (EtBr) (C,,H,,N5Br; CAS RN® 1239-45-8) or other DNA gel stains.

Take care when using ethidium bromide solution as it is mutagenic/teratogenic. Other intercalating dyes

can be use

d, by referring to the manufacturer’s material safety data sheet.
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Glycerol (C3HgO5; CAS RN® 56-81-5).

Sodium acetate (C,H;0,Na; CAS RN® 127-09-3), for the TAE buffer system only.

D.2.4.1.10 Hydrochloric acid, (HCI; CAS RN® 7647-01-0) = 37 % (volume fraction).

D.2.4.1.11 Sodium hydroxide (NaOH; CAS RN® 1310-73-2).

D.2.4.1.12 Tris(hydroxymethyl)-aminomethane (Tris) (C,H;;NO5; CAS RN® 77-86-1).

D.2.4.1.13 TAE buffer solution (1x), ¢(Tris) = 0,050 mol/1 (D.2.4.1.12), ¢(C,H,0,Na) = 20 mmol/I (D.2.4.1.9),

c(Na,-EDT
(D.2.4.1.11
solution (1
electrophd
deionized

D.2.4.1.14 Tris/borate (TBE) buffer solution (0,5x), c(Tris)

acid) = 0,
(D.2.4.1.10
a concentr
of the cong
(mono)-di

D.2.4.1.15

A) = 0,001 mol/] (D.2.4.1.6). Adjust the pH to 8,0 with glacial acetic acid (D.2.4.1.5)

) at 20 °C to 25 °C. It is recommended to prepare the TAE buffer solution as a concentr
haximum 50-fold concentrated). Discard it if a precipitate is visible. Dilution ofrthe cof

or NaOH
ated stock
hcentrated

resis buffers can be carried out, immediately before its use, with non-sterile,|fmono)-distilled or

water.

0,055 mol/l (D.2.4.1.17
D55 mol/1 (D.2.4.1.2), ¢ (Na,-EDTA) = 0,001 mol/I (D.2.4.1.6). Adjust the pH to 8,0
) or NaOH (D.2.4.1.11) at 20 °C to 25 °C. It is recommended to prepare the TBE buffer
ated stock solution (maximum 10-fold concentrated). Discard itif a precipitate is visibl
entrated electrophoresis buffers can be carried out, immediately before its use, with 1
tilled or deionized water.

Sample loading buffer solution (5x), ¢ (glycerol) = 50 % (volume fraction;

p (bromophenol blue) = 2,5 g/l (D.2.4.1.3) and/or p (xylene cyanol) = 2,5 g/l (D.2.4.1.3), di

electrophd

NOTE

resis buffer solution.

Dther concentrations of loading buffer solution\can also be used.

D.2.4.2 Equipment

The usual

D.2.4.2.1

D.2.4.2.2

D.2.4.2.3

D.2.4.2.4

g

J

D.2.4.3

microbiological laboratory equipment (see ISO 7218) and, in particular, the following sh{
Microwave oven or boiling water bath, capable of operating at 95 °C to 100 °C.
Electrophoresis apparatus.
UV transillaminator or UV light box.
Gel docivmentation system.

afety and protection devices

), c(boric

with HCI
bolution as
e. Dilution
on-sterile,

D.2.4.1.8)),

ssolved in

11 be used.

WARNING — Ethidium bromide is a mutagen and toxic agent. Use it in compliance with the safety
sheet provided and with protection devices (laboratory coats and gloves). UV light can cause damage
to eyes. Therefore, use polymethylmethacrylate shields and protective glasses.

D.2.4.4 Agarose gel preparation and staining

The amplified PCR products should be detected using a 2,0 % (m/v) agarose gel. Weigh an appropriate
amount of agarose (D.2.4.1.1) and add it to the electrophoresis buffer solution (D.2.4.1.13 or D.2.4.1.14).
Allow the solution to boil in a microwave oven or in a water bath (D.2.4.2.1) until the agarose is completely
dissolved, cool down the solution to approximately 60 °C and keep it at this temperature until usage. Prepare
a gel support (gel tray) with a suitable sample comb placed in right position.
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Add ethidium bromide to a final concentration of 0,5 pg/ml (or equivalent DNA binding dye at the
manufacturer’s recommended concentration) before pouring the agarose solution onto the gel tray and
allow the gel to solidify at room temperature (1 h is usually recommended).

Alternatively, the agarose gel can be stained after electrophoresis in a 0,5 pg/ml ethidium bromide aqueous
solution (or equivalent DNA binding dye at the manufacturer’s recommended concentration). For this, keep

the gel in the dye at room temperature for 15 min to 50 min, preferably in the dark with gentle shaking.

If necessary, reduce the background staining by de-staining the gel in water for 10 min to 30 min.

NOTE

To minimize the problems of ethidium bromide movement in the gel, some ethidium bromide can also be

added to the electrophoresis (tank) buffer. After the gel electrophoresis, no de-staining step is usually required.

D.2.4.5

Following
D.4) in the

NOTE
the PCR bu

Carefully 1
so that the
(D.2.4.1.13

\garose gel electrophoresis run

the amplification step add the loading buffer (D.2.4.1.15) to 10 ul reaction mix {Fable
ratio 1:5 (e.g. add 2,5 pl of loading buffer to 10 pl of reaction mix) and mix.

Dther concentrations of loading buffer solution can also be used. When the loading dye is alreg
fer, it does not need to be added separately.

D.2, D.3 or

)

ady part of

emove the sample comb from the gel. Transfer the gel (with its gel tray) to the electrop

using a m
samples af

To determ
standard (
before the

Carry out
(generally

cropipette. Apply the mixture to the sample slots (wells}~with a micropipette. If the

ine the size of the PCR products, add the loading buffer (D.2.4.1.15) and DNA moled
D.2.4.1.4) in the proportion of 1:5. The DNA molectilar mass standard is loaded on the
first and after the last sample well.

the electrophoresis at room temperature’ at the appropriate voltage and powe
a maximum constant voltage of 5 V/cm, with respect to the distance between the ele]

recommer
to the ano

by the power supply, the buffer used, the electro-endosmosis and the concentration of the agaros¢

D.2.4.6

Transfer the gel to the transilluminator surface (D.2.4.2.3), switch on the UV light and recor
fluorescence by photographyoi-video-documentation.

D.3 Intérpretation-of PCR results

Samples showing amplification fragments of the expected size (see Table D.6) are considered as |

ded). Under the described conditions, DNA is negatively charged, so it migrates from t}
e. The electrophoresis time depends on the migration distance required, on the current]

garose gel recording

wells reside close to the cathode (negative electrode). Fill the cell'with the electropho%
or D.2.4.1.14). Overlay the gel with approximately 2 mm of thé same buffer and load the samples

resis cell,
sis buffer

unknown

e suspected to be too concentrated, also provide some dilutions of them to be loaded onto the gel.

ular mass
bel at least

intensity
ctrodes, is
e cathode
generated
in the gel.

1 the DNA

ositive for

related tajget sequiences. The IAC shall be positive (429 bp amplification product) in case of a negative target
sequence gmplification product.

A sample is evaluated to be monophasic Salmonella Typhimurium (1,4,[5],12:i:-) positive if the corresponding
amplification product for fliA-1S200 is 254 bp and only one or none of the other two targets, fljB-hin (297 bp)
and hin-iroB (274 bp), are positive (see Table D.6).

A sample is evaluated to be Salmonella Typhimurium (1,4,[5],12:i:1,2) positive if the corresponding
amplification product for fliA-1S200 is 254 bp and additionally fIjB-hin (297 bp) and hin-iroB (274 bp) are
positive (see Table D.6).

A sample is evaluated to be Salmonella Typhimurium (1,4,[5],12:i:1,2) negative and monophasic Salmonella
Typhimurium (1,4,[5],12:i:-) negative if the corresponding reaction fliA-IS200 is negative, irrespective of the
reaction results of fljB-hin or hin-iroB (see Table D.6).

If there is any discrepancy from the result expected in the controls (see Table D.6), the run shall be repeated.
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Table D.6 — Interpretation of PCR results (expected fragment sizes in bp)

Target 1,4,[5],12:i:- 1,4,[5],12:i:- 1,4,[5],12:i:- 1,4,[5],12:i:1,2 Other serovars
sequence
fliA-1S200 254 254 254 254 —
fliB-hin — 297 — 297 297 or -
hin-iroB — — 274 274 274 or -
[IAC 429 or -2 429 or -2 429 or -2 429 or - 429 or -2
Key

—:no PCR fragment

a

In cases of a negative target, the IAC shall be positive.
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Annex E
(informative)

Performance characteristics

E.1 Method(s) evaluation study

In 2018 a

d 2019 the three PCR assays described in Annexes B Cand D were tested in 3 method

valuation

study.[8] F
products,

laboratori
method(s)
the typing

The follow
53 (p1]
49 (bi

43 st
Salmo

27 str

The inclus
are summ

It depend
evaluated,
part of the
For EC regd
Salmonelld
the regul

than for S
(biphasic)
in Annexe
(see Table
typed as
which Refé

If the aim
or (biphas

br this, 172 different strains (target and non-target strains), isolated from different soy
animals, animal feed, primary production samples and humans) were tested by, tw
es (in Germany and in the Netherlands). For the inclusivity and the exclusjvity test

results found by each PCR method.

ing number of different strains were tested (Salmonella strains typed.by’slide aggluting
esumptive) monophasic Salmonella Typhimurium strains;

phasic) Salmonella Typhimurium strains;

ains of other Salmonella serovars (not monophasic_Salmonella Typhimurium, not
nella Typhimurium);

hins of other Enterobacteriaceae (not Salmonella spp!).

ivity and exclusivity results of the method evaluation study, determined by the two lal
hrized in Tables E.1 and E.2.

5 on the intended purpose for which:the PCR assay is being applied, and its pe
whether only monophasic Salmenella Typhimurium is considered as target strain
inclusivity study) or if (biphasic) Salmonella Typhimurium is considered as target strz
ulatory limits, it is important‘to know if the strain under analysis is the monophasic

ory limits are more stringent for Salmonella Typhimurium (including the monophas
Imonella non-Typhimurium strains. In this case, monophasic Salmonella Typhimurium
Salmonella Typhimurtidm can be considered as target strains and the three PCR assays
b B, C and D perforimequally well for identification of monophasic Salmonella Typhimuri
| E.1). Only thfeg strains serotyped as Salmonella Typhimurium with slide aggluting
pther serovars” with the three PCR assays. These strains concern sequence type 36
brence [7falso reports deviating results for the real-time PCR assay.

is to\identify whether the strain under analysis is either monophasic Salmonella Tyq
ic). Salmonella Typhimurium, then Salmonella Typhimurium should be considered as

strain. For

rces (food
b different
ing of the

evaluation study, the typing results of Salmonella found by slide agglutination‘were compared to

ition):

(biphasic)

boratories,

rformance
(and thus
in as well.
variant of

Typhimurium and not the monophasic variant of another Salmonella non-Typhimuriui, because

ic variant)
as well as
described
im strains
ition were
ST36), for

himurium
hon-target

thic nuirnaca thao agal bhacaod o nltinlay DOD (con Aoy C) can bhalace cnacific for- cnnn of
SPt e-ger-oasea Ut pre oSt e RS o eah T TOH—-50HhHe-5¢

rains than

TITT oTtrT cTreoSpe eI To

the other two PCR assays (see Table E.2). This can be explained by the fact that the gel-based multiplex PCR
does not reflect all regions in the fIj gene cluster, which are associated with second H phase flagellar antigen
expression, while the multiplex real-time PCR as well as the gel-based single target PCR do target these
regions. For this type of identification, it is recommended to use the multiplex real-time PCR (see Annex B)
or the gel based single target PCR (see Annex D) for a higher specificity.
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Table E.1 — Inclusivity and exclusivity results of the method evaluation study performed in two
laboratories with the three PCR assays; considering both monophasic Salmonella Typhimurium
(mSTm) and (biphasic) Salmonella Typhimurium (STm) as target strains and other Salmonella

serovars and other Enterobacteriaceae as non-target strains

Method Performance | Number of | Total number | Inclusivity | Inclusivity | Exclusivity | Exclusivity
characteristic | different of results |agreement| deviation | agreement | deviation
strains

Multiplex Inclusivity 102 204 198 63 NA NA
real-time PCR | (mSTm + STm)
(see AnnexB) fo_ 1 sivity 70 140 NA NA 140 0
Gel-based Inclusivity 102 204 198 62 NA NA
multiplex FCR [ (mSTm + STm)
(see AnnexC) o' sivity 70 140 NA NA 140 0
Gel-based $in- |Inclusivity 102 204 198 62 NA NA
gle target PCR | (mSTm + STm)
(see AnnextD) o’ 1 sivity 70 140 NA NA 140 0
Key
NA: not applicable
a 3 differpnt strains were identified as “other serovars” with the PCR assay by both laboratories, but as (biphasid) Salmonella

Typhimurium with slide agglutination.
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